Results
The postmenopausal women were significantly older than the premenopausal women (table I) . There was, however, a reasonable overlap in age between the two groups: below the first quintile of age 147 (24%) of the women were postmenopausal; above the fourth quintile 55 (9%) were premenopausal. When the characteristics of the women were adjusted for age significant differences between the two groups were found only for serum total cholesterol concentration (table I). The characteristics of the women who had had a natural menopause, women who had had a bilateral oophorectomy, and women who had had a hysterectomy without removal of both ovaries were not significantly different, except for mean age (52 9, 50 7, and 50 5 years respectively) and mean number of postmenopausal years (4-6, 7-2, and 7 6 respectively). Eight (3%) of the premenopausal and 38 (12%) of the postmenopausal women had aortic calcification. Table II gives the numbers of women with aortic calcification according to the type of menopause for those aged 45-50 and those aged 51-55. Estimates of relative risks did not differ significantly between the age groups. Although significantly raised risks were found for women after a natural menopause or bilateral oophorectomy, no excess risk was observed for women after a hysterectomy without removal of both ovaries. Women with other reasons for the menopause or missing information (n= 13) were excluded from the analysis.
Because age categories of five years may be too broad to adjust adequately for age effects logistic regression analysis was used, with age as a continuous variable. Simultaneous adjustment for age and other indicators of cardiovascular risk, however, resulted in only small changes in the estimated risks: women with a natural menopause had a 3-4 times greater risk of aortic calcification than premenopausal women (95% confidence interval 1-2 to 9 7; p<0 05), and women who had had a bilateral oophorectomy had a 5-5 times greater risk (1 9 to 15-8; p<0 005). The relative risk for women who had had a bilateral oophorectomy was 1 7 times the risk for women who had had a natural menopause, but this was not significant (95% confidence interval 0 7 to 4 4).
Other variables that were significantly associated with the risk of aortic calcification were smoking and serum total cholesterol concentration. Current smokers had a 4 8 times greater risk of aortic calcification than women who had never smoked (I 9 to 1 1-7; p<0 001). The findings among women who had had a bilateral oophorectomy were less clear (table III) .
Postmenopausal oestrogens were being taken by three of the 25 women (12%) who had last menstruated within one year before the study and by 14 (4%) who had last menstruated more than one year before the study. Aortic calcification was observed in one of these 17 women.
Discussion
We found a strong association between the menopause, induced either naturally or surgically, and the presence of calcified deposits in the abdominal aorta. Before any inferences can be drawn from our findings the importance of calcification in the aorta needs to be considered. The validity of radiographic assessment of aortic calcification in the diagnosis of atherosclerosis has been studied by comparison with assessments made on necropsy material.5 The method was shown to be highly specific, and in most cases visible calcification represented advanced atherosclerosis. Thus in some of our subjects minor and intermediate stages of atherosclerosis may have been present but not seen; if they had been seen the relative risks would have been even higher. Our observations that serum cholesterol concentration and smoking were strongly associated with aortic calcification further indicate that we were measuring intimal atherosclerosis.
Arteries may vary in their susceptibility to menopausal influences on atherosclerosis, and our results may thus not be extended to the risk of coronary atherosclerosis. Aortic calcification, however, is strongly associated with cardiovascular disease,69 and this association, whether mediated by concomitant atherosclerosis in other vessel beds or not, emphasises the importance of our findings.
Whether hysterectomy without removal of both ovaries leads to an increased risk of cardiovascular disease is disputable.' 2 Our results do not confirm an atherosclerotic effect of hysterectomy and suggest that the acceleration of atherosclerosis with the menopause occurs after oestrogen production stops. Some of our subjects may not have been able to report the exact nature of their surgery. If, however, some misclassification did take place the true difference in atherosclerotic risk between women who had had hysterectomies and women who had had bilateral oophorectomy would be even more pronounced.
The trend in the risk of atherosclerosis with the number of postmenopausal years, which was seen among women with a natural menopause, suggests a causal relation. The findings among women with bilateral oophorectomy, however, were less clear. The number of women taking postmenopausal oestrogens was too small for analysis. Use of replacement oestrogens has always been fairly low in The Netherlands. At the time of the study replacement oestrogens were used by about 10% of Dutch perimenopausal women (International Health Foundation, Brussels, unpublished observations). Serum total cholesterol concentration was significantly higher among the postmenopausal women, which agrees with previous findings.' 10 The effect of the menopause on atherosclerosis, however, could only partly be explained by changes in serum cholesterol concentration or other indicators of cardiovascular risk. Possibly, therefore, oestrogens have a direct effect on the vessel wall, as has been seen in animals."I Our findings suggest a strongly increased rate of atherosclerosis after ovarian involution. Whether this increased rate can be limited to some extent by use of postmenopausal oestrogens remains to be ascertained. 
